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(54) Abstract Title 

lithium metal dispersion in secondary battery anodes 

S .V'lI'^^T "^S" '® ^ secondary battery having a high specific capacity and good cycleabllity and 
mSerill ^S^^.^'^Tr manufectured to include an anode foSned a ho^' 

mS2 ^^S.u!^^r^ desorWng lithium in an electrochemical system such as a carbonaS^us 
SJJSnlfSti ™it^^^^ T ^ ^""^ materiah The freshly prepared anodes of theinvenfen are 

2^5^? J?J^ho^^^^^ ^" ^^^^ '"^^^^'^^^ ^ separator that a separates the positive 

l^^^^^l r^^^ ^? ^'5«~»yt^ *n communication with the pLitlve electmde aJd the 

negative electrode. The present invention also includes a method of preparing a freshTDre anode and ! 
method of operating a secondary battery including the anode of the invSntiSn 



CD 
ro 

Ca> 

00 

Ca) 

cn 



1 2383465 

UTHIUM METAL DISFERSIONIN SECONDARY BATTERY ANODES 



FieM of flie lirvgrtion 
llie present inveoticm idtetes to secondaiy batten 
spedSc capacities and particnlariyto anodes for secondaiy batteries comprising ahost 
material such as a catbonaeeous material enable of absorbing and desoibing Hthium 
in an dedrochemical qstedi and UtMum metal disper^ 

Backgroun d of flie faventjon 
Lithium and Htlmm-ion secondaiy or rechargeable batteries bam. 
lecentty found use in certain ^cations such as in cellular phoney 
l^t0pconq>uteis, and emmorereceotly. inlarger'powKiWiKcatio^ 
dectricvdricdes and lQ*rid electric veMdes. »isprefaredinfteseq,pKcationsftat 
the secondaiy batteries have the spedfic c!9>adty posabk but stin pi^ 
safe iterating conditions and good <g«cIeabiliQr so fliatfteMghsp^ 
maintainff d in snbsequait rechaigim and discfaaiging cycles. 

Although fiiere are various constructions &r secondaiy batteries, each 
construction includes a positive dectiode (or caftode). a negative electrode (or 

anode), a sqiarator fliat s(paiates the cafeode and anode, and an electrolyte in 
dectrochenricalcflmmunication with the cathode and anode. For secondaiy Kfliiiun 
battmes. lithium ions are transferred fiom &e anode to the cathode flnough die 

dectrotyte when the secondaiy battery is bang dischaiged. iJe.. used for its sp^^ 
^Hcation. Diiring this process, dections are collected fiom the anode and pass to 
the cathode throu^ an ertemaldrcuit When &e secondaiy battery is bang diaiged 

orrediaiged, the KtWum ions are transferred fiom the cathode to the anode ft^ 
diedectrotyte. 
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Historically, secondary lithium batteri^ wctc produced using non- 
lithiated compounds having higji specific capacities such as TiSi, M0S2, Mh02 and 
V2O5, as the cafliode active materials. These cathode active materials were coupled 
witii a lithium metal anode. When the secondary batt^ was discharged, lithium ions 
5 were transferred fifom the lithium metal anode to the cathode throu^ flie electrolyte. 
Unfortunately, iq>on cycling, tiie lithium metal developed dendrites that ultimately 
caused unsafe conditicms in the battery. As a result, Reproduction of these Qpes of 
secondaiy batteries was stopped in the eariy 1990's in &vor of liihram-ion batteries. 
Lifluum-ion batteries typically use litbinmmetal oxidtt such as 

10 LiCoOs and LiNiQz as cathode active materials coupled with a carbourbased anode. 
In these batteriM, the lithium dendrite formation on fiie anode is avoided ^mby 
Tngiring the batt»y safer. However, the lithium, fee amount of determines the 
battery edacity, is totally supplied from the cathode. This limits flie choice of 
cathode active materials because the active matgp^^^ must contain removable lithium. 

1 5 Furfhermore, the delithiated products corresponding to LiCoOi and LiNi02 feat are 
formed during charging (e.g. LixCoOi and U^iOi wh^e 0.4<5:<1.0) and 
overchargmg (Le. lixCoOa and LixNiOi where xO.4) are not stable. In particular, 
feese delifbiated products tend to react with fiie electrolyte and gmerate heat, which 
zsises sa&sty concerns. 

20 

Riimfnarynfftefavenlion 

The la^SCTt mvention is a secondaiy battetyhaving a higji q)^^ 
-. capadty and good cycleabililyaxid that operates safety, biaccoidance^iraflithe 

invOTtioD, flie freshly pzepared, secondary battayindndes an anode tbat is finmedof 
25 a host material enable of absoibing and desoibing lithiam in an dectiodiCTiical 

systCTi and Uthium metal dispersed in fee host materiaL Prefaably, the liffaium metel 
is a finely divided lifliium powder and more joeferably has a mean particle size of less 
than about 20 micaons. The host mataial con^ses one or more materials selected 
from flie groiq) copsisting of carbonaceous materials. Si, Sn, tin oxides, composite tin 
30 aUoys, transition metal oxides, Ufluum metal nitrides and lifliinm metal oxides. 



Prrferably, the host nufiterial conqnises a cazbooacecHis material and more preferably 
comprises graphite. 

The fieshfypiqiaied, secondaiy batteries of Ibe invention mcltide a 
positive dectrode imdtidiiig an active material, a n^alive elecHode comprising a host 
5 material equable ofabsoibing and desoibingffiMum in an elec^^ 

Ufidmn metal dispersed in the host material, a separator sqjaratiiig the positive 
electrode and the negative electrode and an electrolyte in communication with the 
positive electrode and the negative electrode. Prefaably. die ca&ode active material 

is a compound fliat can be Muated at an dectrodiemicBl potential of 2.0 to 5.0 V 
10 versus lithium. For example, the cadiode active material can be Ms^ VaQj or 

MoS2,oraimJrturethereo£ The lithium metal in the anode is preferably a findy 
divided lithium powder and moreprefenily has a meanpartide size of less 
about 20 microns. The host materid comprises one or more materials sdectedftwa 
the group consistmg of caibonaceons materials, Si, Sn, tin oxides, composite tin 
15 aUoys, transition mrtaloades,lithiammetd nitrides and Ktonnmetdoa^ 

Pieferably. Oie host material m &e negative electrode comprises a carbonaceous 
material and. moreprefiaably, comprises gi^hite. The amount of Kfliium metal 
present in the n^ve electpde is preferably no more than the maximum amount 
sufBdent to intercalatbliaUoy with, or be absorbed by the host materia 
50 n^ve electrode. Ft* example, ifthe host material is carbon, the amount of lifliinm 
is preferably no more than the amount needed to make liC*. 

Tie present invention also inchides a mBflu)d of prqiacing a fiesihly 
. ia^a«danodefeasecondaiybattBortfaatmdndesfliestq»ofprovidii^gaho^ 
materid that is capable of absorbing and desoibii^g Bfliinm m an dectrodiemical 
> system, diqiasingUthhmimetd in the hostmataid and fia^ 

and the lithium metddiq)ersed therdn into an anode. Ihe lithium metd and fee host 
niateridi8prefiaablyinixedtogetherwilhanon.aqueonsK(iuidtDproducead^ 
and &en applied to a current conector and dried to form the anode. Alternatively, the 
anode can be fiumed by diemicd means by immersing the host materid in a 
suspension of lithium metd in a non-aqueous liquid, and then formed into an anode. 



The present invention fiirflier includes a mefliod of operating a 
secondao'batteiy. First, a freshly prepared, secondarybatteiy is provided that 
includes a positive electrode including an active material, a negative electrode 
comprising a host material capable of absorbing and desotbing lHhium in an 
5 dectrodianical system and lithium metal disposed in the host material, a separator 
for sqaiating flie positive dectrode and flie negative electrode, and an electrolyte in 
canmnmicatian with fba positive dectrode and the negative electrode. In particular, 
die secondary batteiy is mann&ctuied widi lifluum metal dispersed in flie host 
material of d» anode. The freshly assembled battery is in a charged state and more 

10 prefiaAly is in a fimy (Charged state (with an the removable litbnmii present m 
anode of ftefreshlypreparedbattay). The fiedijy prepaid sedsndarybatteiy is 
initianydisdiarged by transnuttingUthiuiaions from the negative dectrode to ^ . 
positive electrode fhrou^ the electrolyte. The secondary battery can flien be charged 
or recharged by transmitting lithium ions from the positive dectrode to flie negative 

15 electrode throng the electrolyte and then discharged again by IcansmittnigHtfaium 
• ions from the negative electrode to the positive electrode through fiie electrolyte. The 
fj^at ging and discharging st^s can occur for numerous cycles while m a fntainlTig the 
high spedficcqiaAiesofthe cathode active niataials and maintaining safe 

craiditioDS.' 

20 These and other features and advantages of the present invention will 

become more readily apparent to those skilled in the art i^Kjn consideration of the 
following detailed descriptioh and acconipanying drawing, which descnl)e both flw 
prefened and alternatbeeobodimeiitsofdie present invention.. . 

25 Brief Description of fr e Drawing 

Fig. 1 iUustrates a simplified secondary battery construction including a 
cathode anode, sqiaratar and electrolyte, in accordance wifli the invaition. 

Detailed Deseription of the PrefCTied ET r.KnrtiTnents of the Invention 
30 Lithe drawings and file following detailed description, preferred 

embodimraits are described in detail to enable practice of the invention. Allhou^ flie 



jBveation is desoibed wifb reference to these ^ecific prefoied racibodimmts, it vnH 
be understood fliat die invention is not limited to these preferred embodiniCTts. But to 
die contraiy^ the invration includes numerous alternatives, modifications and 
equival0its as uill become apparent fiom consideration of the following detailed 
5 descnption and accompanying drawing. 

As illustrated in Figure 1 , flie present invention is a secondary batteiy 
10 Ifaat conqHises a positive electrode or cathode 12, a negative electrode or mode 14, 
a sqsaxator 1 6 £9r separating the positive electrode and the negative decfrode, and an 
electrolyte in dectrochemical conomunicatiQn with the positive electrode and the 
10 n^alive electrode. The secondarybattoy 10 ^so includes a con^ collector 20 that 
is in electrical contact wifli the cathode and a cmreait conecfm- 22 that is in electrical 
coEtfact with the anode. The current rallectors 20 and 22 are in electrical contact with 
one another dm>u£^ an external drcuit (not shown). The secondary batteiy 10 can 
have any construction known in the ait such as a *tjelly roll'* or stacked construction. 
15 The cathode 12 is formed of an active m^tpri?^, which is typically 

combined with a carbonaceous material and a binder polymer. The active material 
used in flie cathode 12 is preferably a material that can be litbiated at a use&l voltage 
(eg. 2.0 to 5.0y versus lithium). Preferably, n<»]rhMated materials such as MhQz, 
V2O5 or MoSi, or mixtmeis thereoJ^ can be used as the active TnateriaT^ and more 
to preferably, MnQi is used. Howevff,hauatedinaterialssndiasLiMh204thatcanbe 
fiirflier litbiated can also be used. The nnn.iifhf atP^ a^vf? materials aig preferred 
because they goierally have higher specific (^adties fhza the £fhiated active 
.y.. xnatsials in this ccmstruction and Tuscan provide iiicreased power ove^ 

batteries tiiat mdude lithiated active matoials. Fmthennore, because the anode 14 
indudes lithium as discussed below, it is not necessary that the cathode 12 include a 
litliiatedmaterialiS>r.thesecondaiybatterylO to operate. The amount of active 
material provided in the cathode 12 is preferably sufficient to accept the removable 
lithium metal presrat in the anode 14. For ©cample, ifMnOz is flie cathode active 
matmal, flien one mole of MnQ2 is preferably present in the cafliode 12 per mole of 
lithium in the anode 1 4 to produce UMnOi in the cafliode upon discharge. 



6 . 

When cathode active materials are used that can be lifliiated such as 
those described above, the removable lithium that is cyded in the battery is fully 
provided by flie anode 14 and the battery is assembled or prepared in a folly charged 
state, as is prefiaied. Nevertheless, the cathode 12 can also include a minor amount of 
5 one or more Utbiated active materials (e.g.IiCk)C)2 or IiNi02)fliat do not foi^ 
absorb fifiiiun at a voltage between 2.0V and 5.0V and flie battery can still be 
provided in a primarily charjged state. In flas event, Aecafljodeprefiaably has less 
fiMn 50% (molar) and more preferably less than 10% (molar) of fl» Kflriated material 
(e.g. liCoOz orliNiOj) as the acjive material Becanse UCoOj and LiNiQz do not 
10 furfier absorb KlHum,flie presence ofthesenwterials in the cathode 12 does not 

reduce the amount of cathode active material needed to accqrt the removable lithium 

from tbe anode 14. 

The aiKMie 14 is formed of a host material-24 enable of absorbing and 
desoibing Hthium in an electrocheniical system with lithium metal 26 dispersed in the 

15 hostmateriaL For eican^le, the lithium present in the anode 14 can intercalate in, 
alloy with or be absorbed by fee host material wbea the battery (andparticularly the 
anode) is recharged. Thehost material inchides materials enable of absorbing and 
desorWng Htoim m an dectiochemical system suA as carbonaceous materials; 
materials contaming S& tin oxides or composite tin alloys; transition metal oxides 

20 such as CoO; Kfluum metal nitrides such as lis^Co^ where 0<x<D J, and lifliinm 
metal oxides sudi as Ii4Ti50i2. Ihelitiiinm metal 26 is preferabty provided in the 
anode 14 as a finder divided UtMum povi^. Ill adjfition. the lithium metal 26 
preferably has a mean particle size of less tiian about 20 mkaons, more preferably less 
flian about 10 microns. The Uthium metal can be provided as a pyrophoric powder or 

25 as a stabilized low pyrophorosity powder, e.g., by treating the lithimn metal powder 
wifliCQz. 

The anode 14 is typically capable of reversibly lithiating and 
deUtiiiating at an electrochemical potential relative to lithium metal of from greater 
than 0.0 V to less fiian or equal fo 1.5. If flie electrodiemical potential is 0.0 or less 
30 versus Uflrimii.flientiieliflrium metal vriU not reenter file anode 14 during chargi^ 
Alternatively, if ibe electrochemical potential is greater than 1 J V versus HtiBum th«i 



the battay voltage will be undesirably low. Preferably, the amount of lithium metal 
26 inesent in &e anode 14 is no more Haa fbc xrm^^ amount sufficioit to 
intercalate in. albywifli. or be absoibed by fte host matetial in the anode 14 whence 
battayisieduiged. For exao^le^ifthe host material.24 is carbon, the amount of 
5 • lithium 26 is jnefexably no more than flie amount sufficiait to make liCe. In other 
words, flie molar ratio of lifliium to carbon in flie anode is preferably no more than 
1:6. 

In accordance with the invention, &e anode 14 can be prepared by 
providing a host material that is enable of absarbing and desorbing lifliium in an 
) electrodiemical q^stem. dispersing lifliinm mrial in fee host material, and forming ih^ 
host matenal and the litfahmiipetal dispersed fhetdn into an ano^ Preferably, flje 
lifldnm metal and the host material are mixed widi a nonraqneous liquid such as 
tetralq*drofiiran (Itit) and a bmder, and focoied mto a shnry. Theshnxyisfiuaused 
to finm the aaode 14, fiar exanqile, by coating the cmrant collector 22 with Oe sluny 

and flien drying flie sbmy.- The fiflunm m^ can also be provided m die anode by 
immenmg die host material in a suspension c mrtaiiinig Kfhinm miihii iiT a ngfr- 

aqueous liquid such a hydrocarbon solvent (e.g.hexane). The lithium metal used in 
die suspension is prefetabfy a finely divided Kthiimi powder as discussed above. The 
host materi a l can be feimied mto flie of the anode and fiiea dipped into the 
lithimn metal suspension or it can be combined widi the Uthium metal suspension to 
form a sluny and dien ^pUed to the cunent coUector and dried to form die anode. 
The non-aqueous liquid used to form die suspension can be removed by drying the 
. anode (e.g. at an elevated temperature). No matter vAtat method is nsad, the Ktfiiin n 
metal is prefoably distributed as well as posable into d» host materiaL Accordin^y, • 
as discussed d>ove, the lifldum metal 26 pr^xably has a mean particle size of less 
than about 20 mioons, more preferably less dum about lOmicrons. 

The host material 24 in the anode 14 canmchide one (»- more materials 
enable of abs(nbing and desorbing Hfliium in an dectiodianical system sudi as 
carbonaceous mataials; materials coiilaining Si, Sn, tin oxides or conqiosite tin 
alloys; transition metal oxides such as CoO; lithium metal nitrides such as lia-xCoxN 
where 0<x<0.5; and lifliium metal oxides sudi as Ii4Ti50i2. Preferably, as mentioned • 
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above, flie host material 24 prefisiably includes gnphite. In addition, the host material 
24 preferably int^ h '^^Bp a small amount of carbon black (e.g. less than 5% by wagbt) as 

a conducting agoit . 

As diown in Figure 1, the cathode 12 is sqiarated fiom tiie anode 14 by 
5 an electronic insulating separator 16. Typically, the sqparator 16 is fianned of a 
material such as poly^hjiene, polypropylene or polyvinyMme fluoride (PVDF). 

The secondary battoy 10 fiirther indud^ an electrolyte that is in 
dectrochemical communication wifli the ca&ode 12 and anode 14. The electrolyte 
canbenoiiraqneousUquid,gdorsoMaridprefixablycoriqxrisesaI^ e.g., 
10 liPFfr The electrolyte is provided Ihrou^outAebatteiy 10 and particularly within 
the cathode 12, anode 14 and separator 16. Typically, flie electro^ is a liquid, and 
tite cadiode 12, anode 14 and separater 16 arepnous m a traial s tiiat axe soaked 
electrolyte to provide eilectr6diemical communicatim'b^weai Ibesc comp on en t s. 
. . . .-As meotianedd>ove, the battery 10 includes cunent collectors 20 and 

15 22, ^^ch are used to transmit decttons to .an external omut Frefecabfy, the current 
coUector 20 is inade of ahanirnmi foil and current collector 22 is made of ciqqper fi>iL 
The battray 10 of the invention can be prepared by mediods known in 
the art and preferably has a layer thidmess -within the following ranges (fiom left to 
right in Figure 1): 

20 



Current ooDector (20) 20-40 /nn 

Cathode (12) 70-100 /cm 

Sqiarator(16) 25-35 /on 

Anode (14) 70-100 fmi 

Current collector (22) 20-40 fmi 

The battery 10 also includes an electrolyte dispersed fliroughout the cathode 12, anode 

14 and separator 1 6, and a casing (not shown). 

hi opaation, the fteshly prepared secondary battery 10 is initially in a 

25 charged state, more preferably a filny charged state, and is initially discharged by 

transmitting lithium ions from the anode 14 to the cathode 12 through the electrolyte. 
At the same time, electrons are transmitted ftom flie anode 14 to the cathode 12 
thiou^fliecurTenl collector 22i the ractemal circuit, and flie current collector 20. Tlie 



secondary battery 10 can ttien be charged or recharged by transmitting liOiiani ions 
fiom the cathode 12 to the anode 14 fluoughtbe electrolyte and then discharged again 
as discussed above. The diaiging and disdiazgtng steps can occur for numerous 
cycles while mahtfaining flie hi^ specific caMoties of flie cathode active maten flig 
5 and mamtaining safe qpaating c on ditions. 

The secondary battoy 10 can be used fiw various types of plications. 
For example^ the secondary battery can be used in portable electronics such as cellular 
phfflies, camcorders, and l^top COTq>uters. and in large powa- applications sudi as fbr 
electhc vdiides and hybrid electric vehicles. 
1® The present invention provides secondary battai^ having a hi^ 

q)edfic capacity, safe operating conditions and good (gflcleability. In particular 
because lithium metal is provided m Oe anode, non-liihiated materials can be used as 
the preferred cathode active matoialm flie secondary batteay. These non-lifluated 
materials have higher specific capacities ftan the litiiiated materials preseody used in 
15 lidiiumrion batteries. Unlike traditional Ktbium secondary batteries haviiignonr 

Kthiated cathode active materials and metallic lifluum anodes; it has been discovered 

fliat secondary batteries produced uang non^ittriated cathode active materials 
combined with fl» anodes of the mvention operate safely and do not genraate Htfaium 
dendrites vpon cycKng.'^i^nrthennore, flie secondary batteries of tiie present invaition 
20 are safer to qpaate flian lifiiium-ion batteries, which become unstable when lithium is 
removed fiom flie cathode daring charging, hi particular, because flie cafliode active 
material in flie secondary batteries of flie invention is typicaHy in a fully charged state 
... . when flie battery is fieshly prepared, it is more stable then flie cafliode materials used 
m Ufliinm-ion batteries. Moreover, tiie batteries of the invention can be diarged and 
5 discharged numerous times while maintaining safe <q>erating conditions and flie high 
spedfic capacities of flie cathode active mnit-r^ ft]^, 

ft is understood that ^>on reading flie above dKoqition of the present 
invention and reviewing flie acconqjanying drawings, (me skilled m flie art could 

make changes aid variations flierefiom. These changes and variations are included in 
) flie spirit and scope of flie following appended claims. 
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CLAIMS 

1. A fieshly pr^aied anode for a secondary battery comprising a host 
material that is enable of absorbing and desorbing lithium in an electrochemical 
S3rstem and lithium n:ietal disposed in the host material. 

2. An anode as claimed in clairn I, v^iierein the litibium metal is a finely 
divided lithium powder. 

3. An anode as claimed in claim 2, wherdn the lithium powder has amean 

particle size of less than about 20 micions. 

4. an anode as claimed in any one ofthe preceding clainis, being capable of 
revembly lithiadng and d^Hthiating ^ an electrochemical potential relative to lithium 
metal of fix)m greater than O.OV to less than or equal to 1.5 V. 

5. An anode as claimed in any one offlie preceding claims, wherein 4ehost 
material conq>rises one or more materials enable of reversibly lithiating and 
delithiating at an electrochemical potential versus lifliium of from greats than 0.0 V 
to less than or equal to LS V. 

6. An anode as claimed in any one of the preceding claims, wherein the host 
material comprises one or more materials selected from the ffoisp consisting of 
carbonaceous materials. Si, Sn, tin oxides, composite tin alloys, transition metal 
oxides, Utiiium metal nitrides and lithium metal oxides. 

7. An anode as claimed in any one of the preceding daims, wherein the host 

material comprises a carbonaceous material. 

8. An anode as claimed in claim 7, vrfxCTdn the carbonaceous material is 
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graphite. 

9. An anode as claimed in claim 8, wherein the host material further 
comiaises caibon black. 

10. An anode as claimed in any one of the preceding claims, wherein the 
amount of lithium metal m said anode is no more than the maxunum amomit 
sufiBcient to intercalate in, alloy with, or be absorbed by the host material m said 
anode wfaai the anode is recharged. 

11. A secondary battery mcluding an anode as claimed many one of the 
preceding claims. 

12. A fieshly prepared, secimdary battery cnmpriginy 
a positive electrode indudmg an active material; 

anegative electrode comprising a host material that is capable of absorbing 
and desorbmg lithium in an electrochemical system and lithium metal dispersed in 
the host material; 

a sqjarator for separating the positive electrode and the negative electrode; 

and 

an dectrolyte m communication with the positive electrode and the n^ative 
electrode. 

13. A secondary battery as claimed in claim 12, wherein the positive 
electrode includes a compound tiiat can be Uthiated at an dectiochemical potential 
of 2.0 to 5.0V versus Mthium as the active material. 

14. A secondary batteacy as claimed m dann 12 or 13, vrtierdn tiie active 
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niaterial in the positive electrode is selected fix>in the groi^ consisting of MnOj , 
V2O5 and M0S2, andmixtuces toeo£ 

15. A secondaiy battay as claimed in any one of claims 12 to 14, whetdn 
the active material in the positive electrode comprises Mn02. 

16. A secondaiy batteiy as daimed in any one of claims 12 to 14, wherdn 
the active material in &e positive dectiode is LiMib04> 

17. A secondary battery as rfaime ri in any one of daims 12 to IS, wherein 
the lithium metal m said anode is a finely divided lithium powder. 

18. A secondaiy battery as daimed in claim 1 7, vdierein the lithium metal 

in said anode has a mean particle size of less than about 20 microns. 

19. AseccMMiarybattayasdaimedinanyoneofdaimsl2to 18,wheran 

the anode is c^le of reversibly lithiating and delithiating at an electrodiemical 
potential relative to Uthmm metal of fiom greater than 0.0 V to less than or equal to 
1.5V. 

20. A secondaiy batteiy as daimed in any one of claims 12 to 19, wherein 
host material in said anode comprises one or more materials capable of leveisibly 

lithiating and deUtiiiating at aa electroch«nical potraitial versus litiiium of fiom 
greater tiian 0.0 V to less than or equal to 1.S V. 

21. A secondaiy batteiy as claimed in any one of daims 12 to 20, wherein 
the host material in said anode comprises one or more materials selected fiom tiie 
group consisting of carisonaceous materials. Si, Sn, tin oxides, composite tin alloys, 
transition metal oxides, litiuum metal nitrides and lithium metal oxides. 
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22. AsecoiKJaiybatteyasdaimedinanyoneofclaiiM whaein 
the host material in said anode comprises a carhnTTs^reo^ift Tnatftrja], • 

23. A secondary battery as claimed in claim 22, wheranftec^^ 
material is graphite. 

24. A secondary battery as clahned in claim 23, wherem the host mat^^ 
further comprises carbon black. 

25. Asecondarybatteiyasclaimedinanyoneof claims 12to24, where^ 
the amount of litfaium meted in said negative elecliode is no more than the mayimnm 
amount sufficient to intracalate in, alloy with, or be absorbed by the host mat^ial in 
said anode \^iien said battery is redbarged. 

26. A secondaiy battery as claimed in any one of claims 12 to 25, wha^ 
the amount of active roatraal in said cathode is sufficient to accept the removable 
litiiium metal present in said anode. 

27. A secondary battery as claimed in any one ofclaims 12 to 26, being in 
a fully charged state. 

28. A niethodofpreparing an anode for a secoiKlary battery comprisiiig: 
providing a host material that is capable of absorbing and desorbing lithium 

in an electrochemical system; 

dispersing lithiiun metal in the host material; and 

fining &e host matoial and the lithium metal dispersed therein into an 

anode. 

29. Arnethodasclaunedinclaim28,whereuisaiddiqpersi^ 
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mixing the lifliiiim metal, fte host material and a non-aqueous liquid together to ftinn 
asluny. 

30. A method as claimed in claim 29, wheidn said fomiing step con^rising 
applying &e sluny to a cunent collector and drying the slurry. 

31. A method as claimed in any oae of claims 28 to 30, wheran said 
dispersing step conqmses inamersing the host material in a suspension contaming 
litbium metal and anon-aqueous liquid. 

32. A mediod as claimed claim 31, wdierein said dispersing step comprises 
immersing the host material in a suspension of lithhim metel in a hydrocarbon. 

33. A method as claimed m any (me of clakns 28 to 32, ^(vlierein said 
dispersing step conqoises dispersing a findy divided Uthiran metal powder m the 
hostmateriaL 

34. A method as daiuMd in cJaim 33, wherein said disperang step comprises 
dispersing Uthium metal having a mean particle size of less than about 20 microns 
in the host material. 

35. A mefliod as claimed m any one of claims 28 to 34, vterem said 
providing step includes providing a host material comprismg one or more materials 
c^le of reversibly hthiating and defithiating at an dectrochHnical potential versus 
lithium of from greato- tiian 0.0 V to less than or equal to 1.5 V. 

36. A me4od as claimed in any one of claims 28 to 35, wherem said 
providing step conpises providing a host matraial comprising one or more materials 
selected from the gcaap consisting of carixmaceous materials. Si, Sn, tin oxides. 
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coiiq,oritetinalloys.tiansi1icminetalc«ddes.H^ 



oxides. 



37. A mettod as claimed in any oi« of claims 28 to 36. .vher^ sai^ 
providing step con^irises providing a host material comprising a carbonaceous 



material. 



38. Ainethodasclaimedinclaim37,whaeiiisaidprovidii«^ 
providingahostrnateiialvAereintbecarbonaceousinaterid 

39. AineflwdasclaimedincIaim38,vtoinsaidpn)vidingstq,CQmpi^ 
I»ovidii« ahostmaterid wherein the host riiate^ carbon black. 

40. A method of operating a secondary hattay comprising the stqjs of: 
(a) P«>vi<iii«afieshlyprq«ued.secondarybatteryconq)^ 

electrode im:luding an active material, a negative electrode comprising a host 
material enable of absorbing and desorbing lithiimr in an electrochemical system 
and U4ium metal diq«rsed in die host mataial. a sq^ralor for sq«^ 
positive electrode and the negative electrode, and an electrolyte in commmucalion 
with the positive electrode and the negative electrode; 

(b) ii^ydisdiargingthesecondarybatteq.l^transmittingliflta 
fiom the negative electrode to the positive electrode through the electrolyte; 

(c) diarging the secondary battery by transmitting Uthmm ions fiom the 
positive electrode to the negative electrode through the electrolyte; 

(d) discharging the secondary battery by transmitting Uthium ions fiom 
the negative electrode to the positive electrode through die electrolyte; 
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(e) repeating steps (c) and (d). 

41. A fteshly prq)aied anode substantially as hereinbefore described with 
reference to and as ilhistcated in flie accompanying the drawing. 

42. A secondary battery substantially as haeinbefore desoibed with 
reference to and as illustrated in the accompanying die drawing. 

43. A method of prcparit^ an anode substantially as hereinbefore described 
with reference to and as illustrated in the accompanying tiie drawing. 

44. A mefliod of providing a secondary battery substantially as hereinbefore 
described with reference to and as iUustrated in the accompanying the drawing. 
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